To report the results of the DECT trial, a phase II study of locally advanced or operable HER2-positive breast cancer (BC) treated with taxanes and concurrent anthracyclines and trastuzumab. Eligible patients (stage IIA-IIIB HER2-positive BC, 18-75 years, normal organ functions, ECOG 1, and left ventricular ejection fraction (LVEF) !55%) received four cycles of neoadjuvant docetaxel, 100 mg/m 2 intravenously, plus trastuzumab 6 mg/kg (loading dose 8 mg/kg) every 3 weeks, followed by four 3-weekly cycles of epirubicin 120 mg/m 2 and cyclophosphamide, 600 mg/m 2 , plus trastuzumab. Primary objective was pathologic complete response (pCR) rate, defined as ypT0/is ypN0 at definitive surgery. We enrolled 45 consecutive patients. All but six patients (13.3%) completed chemotherapy and all underwent surgery. pCR was observed in 28 patients (62.2%) overall and in 6 (66.7%) from the inflammatory subgroup. The classification and regression tree analysis showed a 100% pCR rate in patients with BMI !25 and with hormone negative disease. The median follow up was 46 months (8-78). Four-year recurrencefree survival was 74.7% (95%CI, 58.2-91.2). Seven patients (15.6%) recurred and one died. Treatment was well tolerated, with limiting toxicity being neutropenia. No clinical cardiotoxicity was observed. Six patients (13.4%) showed a transient LVEF decrease (<10%). In one patient we
observed a !10% asymptomatic LVEF decrease persisting after surgery. Notwithstanding their limited applicability due to the current guidelines, our findings support the efficacy of the regimen of interest in the neoadjuvant setting along with a fairly acceptable toxicity profile, including cardiotoxicity. Results on BMI may invite further assessment in future studies.
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Neoadjuvant chemotherapy represents the standard treatment for locally advanced breast cancer, and it is currently increasingly used also in patients with operable disease, mainly in unfavourable subsets such as triple negative or human epidermal growth factor-2 (HER2) positive tumors. HER2 is overexpressed or amplified in 15-20% of breast tumors, and confers a more aggressive clinical behaviour. Trastuzumab, a monoclonal antibody targeting the HER2 receptor, used in combination with chemotherapy, significantly improved the prognosis of this unfavourable subset of breast cancer patients, both in advanced and in adjuvant setting (Slamon et al., 2001; Piccart-Gebhart et al., 2005; Romond et al., 2005; Joensuu et al., 2006; Perez et al., 2007; Dawood et al., 2010; Slamon et al., 2011) . The role of trastuzumab in combination with chemotherapy has been largely explored in the neoadjuvant setting. Several phase II-III trials have been conducted, both in locally advanced and in operable HER2-positive breast cancer, with pathological complete response (pCR) rates up to 66% (Buzdar et al., 2005 ). Yet, the concurrent use of anthracyclines and trastuzumab has been long dismissed due to the high-rate of cardiotoxicity, that is, 27%, reported in the pivotal phase III trial of metastatic breast cancer from Slamon et al. (2001) . Even if data on cardiotoxicity from the concurrent administration were partly downsized by the results of subsequent trials (Buzdar et al., 2005; Gianni et al., 2010; Untch et al., 2010; Guarneri et al., 2012; Buzdar et al., 2013) , warns against administering these drugs in combinations have remained and current guidelines discourage from the concurrent use of these two drugs in early HER2-positive breast cancer (Denduluri et al., 2016) .
In 2008, while the discussion on the concomitant administration of these two drugs was still extremely timely to a research agenda, we designed a phase II prospective trial of neoadjuvant chemotherapy with a sequential regimen of trastuzumab (T) and docetaxel (D) followed by trastuzumab and high-dose epirubicin in combination with cyclophosphamide (EC), in patients with HER2-positive operable or locally advanced breast cancer (DECT trial: Docetaxel, Epirubicin, Cyclophosphamide, Trastuzumab) . In addition, given the growing interest of our research group towards the role played by anthropometric determinants in affecting treatment outcomes in breast cancer patients across different settings (Vici et al., 2015; D'Aiuto et al., 2016) , we relied on data from the DECT trial to further test the association between baseline BMI and rate of pCR in HER2-positive locally advanced or operable breast cancer and, more in general, to evaluate patient-and disease-related features for their impact on treatment outcomes in the setting and population of interest.
Patients and Methods
The DECT trial was conceived as an open label, phase II prospective trial in women with newly diagnosed locally advanced or operable, HER2-positive breast cancer. Patients were eligible if diagnosed with a stage IIA to IIIB, histologically proven primary breast cancer. All primary breast cancers had undergone a core biopsy prior to neoadjuvant treatment, and staging work-up included complete blood count, chemistry, chest radiography, liver ultrasound or computed tomography scan of the liver and bone scan. Cardiac function evaluation included clinical history, a baseline left ventricular ejection fraction (LVEF) evaluation by echocardiogram, and an electrocardiogram, all repeated after four cycles, at the end of neoadjuvant chemotherapy, and during the follow up period, every 6 months or whenever indicated. All the evaluated patients were 18-75 years old, had normal organ functions, an ECOG performance status (PS) 1, and a baseline left ventricular ejection fraction (LVEF) of 55% or higher measured by echocardiography. Exclusion criteria included pregnancy, metastatic breast cancer, previous chemotherapy, hormonal therapy, radiotherapy, previous other cancers or contralateral breast cancer, documented history of cardiac disease contraindicating anthracyclines, pre-existent neuropathy or any other serious illness.
The assessment of proliferative index (percentage of Ki-67 stained cells, estrogen receptor [ER] , progesterone receptor [PgR] and HER2) was performed in pre-treatment core-biopsy, and each evaluation was repeated, whenever feasible, at the time of definite surgery. Immunoreactions were revealed by a streptavidin-biotin enhanced immunoperoxidase technique in an automated autostainer (Bond TM Max, Menarini, Florence, Italy). ER and PgR expression were tested using mAb 6F11 (Menarini) and mAb 1A6 (Menarini), respectively, while Ki-67 % was assessed using the anti Ki-67 mAb (MIB1, Dako). ER and PgR were considered positive when >1% of the neoplastic cells showed distinct nuclear immunoreactivity, whereas Ki-67, based on the median value of our series, was regarded as high if more than 14% of the cell nuclei were immunostained. HER2 overexpression was tested using the polyclonal antibody A0485 (Dako), and was considered positive if grade 3þ staining intensity by immunohistochemistry, or grade 2þ with gene amplification by silver in situ hybridization was detected.
Body mass index (BMI), computed as weight in kilograms divided by height in meters squared, was assessed at baseline. The study was conducted in accordance with Helsinki Declaration and approved by Independent Ethical Committee of Regina Elena National Cancer Institute. All the patients enrolled gave their written informed consent.
The choice of the regimen administered was oriented by previous experience from our team and other groups (Bastholt et al., 1996; Lopez et al., 1998; Vici et al., 2012) . Patients received as neoadjuvant treatment four cycles of docetaxel, 100 mg/m 2 intravenously, plus trastuzumab (loading dose of 8 mg/kg, followed by 6 mg/kg) every 3 weeks, followed by four cycles of epirubicin, 120 mg/m 2 and cyclophosphamide, 600 mg/ m 2 , plus trastuzumab as above, every 3 weeks. Prophylactic administration of G-CSF was scheduled on days 2-6 of every cycle. Chemotherapy dose-reductions and delays were scheduled for grade 3-4 haematological and severe nonhaematological toxic effects. In case of signs or symptoms of cardiotoxicity, EC regimen was discontinued. Discontinuation of trastuzumab was scheduled in case of grade 3 acute infusion reaction, severe allergic reaction, cardiotoxicity (!10% LVEF decrease or a fall to lower than 45% when confirmed by a second evaluation 3 weeks later) or clinical cardiotoxicity (New York Heart Association [NYHA] class II). Adverse events were graded according to NCI Common Toxicity Criteria, version 4. Cardiac function was evaluated by clinical exam, electrocardiogram and echocardiography. Clinical tumor response was assessed by clinical evaluation, mammogram and ultrasound at baseline and before surgery, and pathological response was assessed at definite surgery, which was undertaken within 4 weeks from the last chemotherapy cycle. Pathological complete response (pCR) was defined as no residual invasive cancer both in breast and axilla. Surgery procedures allowed included breast conserving surgery or mastectomy, and complete axillary or sentinel node dissection. Radiotherapy was administered whenever indicated. Adjuvant treatment consisted of 3-weekly trastuzumab for 6 months in all the patients, and in patients with hormonal receptor positive tumors standard adjuvant hormonal treatment was administered for 5 years.
Power calculation and statistical analysis
The study sample size was established based on ad hoc power calculations. All patients enrolled were included in an intent to treat analysis, and evaluated for efficacy and safety. Pathological complete response was the primary endpoint of the trial. This phase II trial was planned as a single-stage design as described by A'Hern (2001) . A minimum number of 42 patients was considered sufficient to give an 80% probability of rejecting a baseline pCR rate of 40% with an exact 5% one-sided significance test when the true response is 60%. The regimen would be rejected in case of less than 23 pCR. The response rate was reported with its 95% confidence interval (CI). Relapse free survival (RFS) was calculated from the date of the first cycle to the date of first event (locoregional relapse, distant relapse, progression on neoadjuvant chemotherapy, or death) and overall survival (OS) was calculated from the date of first cycle to the date of death or last follow-up. The time to event analysis was analyzed according to the Kaplan-Meier method.
Associations between the response rate and clinical or biological characteristics were assessed by Pearson chi-square test. Variables significantly associated were simultaneously evaluated in regression models and further tested in a Classification And Regression Tree (CART) analysis. This latter classifies patients according to a given dependent variable, that is, pathological response, segregating variables in the way which best differentiate patients in term of the dependent variable chosen. At the end of the analysis each group (node) includes patients with similar behaviour in terms of dependent variable.
BMI was rendered as a categorical variable whose modalities were defined based on a 25 cut off value, in agreement with the directives of the world health organization (http://www.euro. who.int/en/health-topics/disease-prevention/nutrition/ahealthy-lifestyle/body-mass-index-bmi, last accessed in April 2016).
Results
Between February 2008 and February 2014, 45 consecutive patients were enrolled in the study.
Pre-treatment patient characteristics are listed in Table 1 . Median age was 45 years, 33 patients (73.3%) were premenopausal, and 16 (35.6%) had baseline BMI !25.
Sixteen patients (35.6%) had stage II breast cancer and 29 (64.4%) stage III breast cancer, including 9 (20%) patients with inflammatory breast cancer. Twenty four (53.3%) tumors had positive hormonal receptors (ER and/or PgR positive), 17 (37.8%) expressed both hormonal receptors (triple positive). In 34 (75.6%) cases HER2 was overexpressed (HER2 3þ), while HER2 gene was amplified in 11 patients (24.4%). All but six patients (13.3%) completed the chemotherapy program and all the patients underwent surgical procedures (Table 1) .
Efficacy data
Given the final number of patients enrolled, that is, 45, the primary objective of obtaining !23 pCRs in at least 42 consecutive patients was reached. In regard to the clinical response, as expected, two patients judged to have a clinical partial response showed a pCR at definite pathologic evaluation. Overall, a clinical response (cPR þ cCR) was observed in all the patients, with 26 (57.7%) of them showing a cCR, and 19 (42.2%) showing a cPR. Radical surgery, consisting in modified or nipple-sparing mastectomy with sentinel node dissection and/or axillary dissection, was performed in 37 (82.2%) patients, including all the inflammatory carcinomas, while a conservative surgery (quadrantectomy) plus sentinel node dissection or axillary dissection was performed in 8 (17.8%) patients (Table 2) . The DECT trial.
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Pathological CR at definite surgery was observed in 28 (62.2%) patients (95%CI, 48.1-76.4). No residual tumor was found in 19 (42.2%) patients, while 11 (24.4%) patients had "in situ" residual cancer in their breast (Table 3 ). In the inflammatory subset, namely nine patients, the observed pCR rate was 66.7%. Pathological CRs according to initial stage, hormone receptor status, HER2 overexpression/amplification and other biological parameters are reported in Table 3 . As expected, triple positive tumors showed a tendency towards lower pCR compared with tumors not expressing hormonal receptors, which showed a higher response rate (47% vs. 71.4%, respectively, P ¼ 0.09). In univariate models, BMI was predictive of pCR (P ¼ 0.001) and a suggestion was found for a similar role of triple positivity (P ¼ 0.058). In multivariate models, both these latter variables were confirmed (P ¼ 0.005 and P ¼ 0.003, respectively). A CART analysis using these two factors was developed and final nodes identified four risk groups of patients differing by probability of achieving pCR. More specifically, such probability ranged from 100%, in those patients whose BMI was equal to/greater than 25 and HR were not expressed, to 20% in patients with lower BMI and HR positive tumors (Fig. 1) .
The median length of follow up was 46 months, within an 8-78 month-range. Four-year recurrence-free survival was 74.7% (95%CI, 58.2-91.2%). Thus far, only seven patients (15.6%) recurred. Two patients developed brain metastases, one patient visceral metastases, two patients bone metastases, and two patients had a local recurrence. Only one patient died, due to multiple brain metastases.
Safety data
Main toxicity data are reported in Table 4 . No treatment related deaths occurred. Treatment was generally quite well tolerated, with only six patients (13.4%) not completing the entire neoadjuvant program. The dose-limiting toxicity was neutropenia, which was of grade 4 in 30 (66.7%) patients, with febrile neutropenia occurring in nine patients (20%). Prophylactic G-CSF was given to 100% of the patients. A 25% drug dose-reduction was more frequently performed during the docetaxel/trastuzumab phase of the chemotherapy regimen. Three patients experienced minor allergic reactions to docetaxel not requiring dose-modifications, but only additional appropriate premedications. None of the patients received reduced doses of drugs due to reason other than myelotoxicity.
In this small cohort of patients we did not observe any clinical cardiotoxicity, despite the concurrent use of trastuzumab and an anthracycline. A greater than 10% LVEF decrease was transiently observed in 6 (13.4%) patients at the end of the planned neoadjuvant cycles. LVEF returned to baseline values immediately after surgery, and adjuvant trastuzumab was started as planned. In one patient, there was a !10% asymptomatic decrease in LVEF persistently even after surgery, and adjuvant trastuzumab could not be delivered. In this patient LVEF value completely recovered in 3 months, without developing any clinical symptoms.
Discussion
We carried out a phase II prospective neoadjuvant trial of 45 breast cancer patients with operable or locally advanced HER2-positive breast cancer. We observed a high rate of pCR, that is, 62.2%, which is to our knowledge one of the highest ever reported in the literature among patients treated with trastuzumab-based neoadjuvant regimens. This is particularly relevant in light of the general consensus on the predictive role of pCR on long-term outcomes in the HER2-positive subset (Von Minckwitz et al., 2012; Cortazar et al., 2014) . The inclusion of a relatively considerable number of patients with inflammatory breast disease, that is, nine patients out of 45, obtaining 67.6% of pCR, may further reinforce current confidence on the efficacy of the regimen under consideration. When evaluating data on the impact of patient-and diseaserelated features on the outcome of interest, heavier patients with a HR negative disease were significantly more likely to achieve pCR compared to their counterparts. Toxicity was generally mild and treatment well tolerated, with the combined use of trastuzumab and anthracyclines being not associated with excess in cardiotoxicity. We bring to the reader attention our results on the efficacy and toxicity of the regimen of interest in a particularly unfavourable historical frame, which will be shortly recalled in the next few lines. The synergistic effect between anthracyclines and trastuzumab has been extensively addressed at a pre-clinical level (Baselga et al., 1998; Pegram et al., 1999; Pegram et al., 2000; Pegram et al., 2004a,b ). Yet, this therapeutic approach has been long avoided due to the evidence of cardiac dysfunction which first clearly emerged from the trial led by Slamon et al. (2001) . This view has been temporary challenged based on data from subsequent trials showing significantly higher pCR rates and event-free survival in patients treated simultaneously with trastuzumab and anthracyclines compared to patients treated with chemotherapy alone, along with the lack of evidence of increased cardiac toxicity (Buzdar et al., 2005; Gianni et al., 2010; Untch et al., 2010; Guarneri et al., 2012; Buzdar et al., 2013) . Results from a meta-analysis including these latter trials for a total of 3292 patients have shown confirmatory evidence of significantly higher likelihood of pCR associated with concurrent anthracyclines and trastuzumab compared with non-concurrent treatment. However, when addressing toxicity, the authors observed that concurrent administration was indeed associated with significantly increased risk of cardiac-related adverse events. Subgroup analysis confirmed this finding both in the neoadjuvant and metastatic setting (Du et al., 2014) . Currently, the use of trastuzumab concomitantly with an anthracyclinecontaining regimen is not recommended because of the potential for increased cardiotoxicity (Denduluri et al., 2016) . In addition, the 10-year results from the BIRCG-006 trial have posed the use of anthracycline-containing regimens under questioning due to the comparable efficacy and lower rates of clinical congestive heart failure, leukemias and cardiac disfunction showed by the docetaxel, carboplatin and trastuzumab regimen (TCH) compared with AC-TH for patients with early-stage HER2-positive breast cancer (Slamon et al., 2015) .
In the current scenario, our reporting is of limited meaning and mainly confined to the particularly high rate of pCR and lack of development of significant cardiotoxicity. In an optimistic view, we may at least partly explain the efficacy rates by the use of epirubicin at a dose of 120 mg/m 2 per cycle instead than the canonical dose of 90 mg/m 2 , since a dose-response effect has been more clearly demonstrated with epirubin than doxorubicin (Vici et al., 2011) . In addition, the choice of a less cardiotoxic anthracycline-analog such as epirubicin may have conditioned the lack of development of any significant cardiotoxicity, along with the cumulative epirubicin dose not exceeding 480 mg/m 2 , the strict criteria applied for patient selection, the low median age, and the absence of any previous treatment.
In our study population, we observed better outcomes in patients whose BMI was greater than 25 and whose tumours did not express HR. The finding of lower pCR rates in estrogen-receptor-(ER-) negative HER2-positive tumors compared with their ER negative counterpart is not novel and widely consistent across several trials (Collins et al., 2005; Geyer et al., 2006; Loi et al., 2007; Nishimura and Arima, 2007; Cheang et al., 2009; Parker et al., 2009; Sotiriou and Pusztai, 2009; Mackay et al., 2011) . Conversely, in the DECT trial, the evidence related to the impact of BMI on pCR seems to diverge from the general consensus on better outcomes in nonoverweigh patients. Indeed, in the pooled analysis of eight neoadjuvant trials from Fontanella and co-workers, a higher BMI was associated with lower pCR and had a detrimental effect on survival outcomes (Fontanella et al., 2015) . Consistently, we have recently observed borderline evidence of higher pCR rates (P ¼ 0.05) and significantly longer overall survival in a clinical series of 86 breast cancer patients aged 45 years or less treated with neoadjuvant chemotherapy (D'Aiuto et al., 2016) . Discrepancies in results between our study and those previously reported may be at least partly explained by relevant dissimilarities in disease-and patientcharacteristics along with differences in the neoadjuvant regimen of choice. Indeed, although relatively limited from a quantitative stand point, our study population is unique in several respects. First, it is entirely represented by HER2-positive patients, while in previous studies on BMI and pCR rates both HER2-positive and -negative patients contributed data to test the hypothesis of interest, with obvious consequences in terms of treatment choice and related outcomes. Differences in BMI across the population considered should also be mentioned. Such differences were not particularly remarkable when comparing the DECT population with the clinical series, that is, median BMI 25.3 and 26, respectively, while in the pooled analysis carried out by Fontanella several BMI categories were represented, spanning from underweight to pathologically obese patients (Fontanella et 
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The DECT trial suffers from the particularly limited applicability of its results, given the current recommendations which call for avoidance of concurrent administration of trastuzumab and anthracyclines in HER2þ breast cancer patients. In this view, our communication is an attempt to further inform the scientific community concerning our research experience on the combined use of these drugs in the neo-adjuvant setting. On the other hand, we produced evidence of acceptable quality which was generated from a phase II clinical trial, which was carefully designed and conducted.
In summary, we carried out a phase II clinical trial testing the efficacy and toxicity of the combined use of epirubicin and trastuzumab in 45 HER2-positive breast cancer patients with locally advanced operable disease. We observed particularly high pCR rates and no relevant toxicity, including cardiotoxicity. Notwithstanding the fairly acceptable quality of the evidence produced, the applicability of our results is limited by the current guidelines which discourage from the concurrent use of anthracyclines and trastuzumab in the setting and patients considered. In addition, mounting evidence against the use of anthracycline-containing regimens may further undermine the meaning of our results in the next future. Conversely, our findings on the predictive role of BMI on pCR in this set of HER2 positive breast cancer patients remain unclear, since several aspects related to the study design, patient-and diseasecharacteristics may have influenced the results observed. In this view, anthropometric and metabolic aspects of the HER2-positive disease may deserve further consideration in future studies of early HER2-positive breast cancer.
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